In this paper we describe the isolation of a novel strain of Candida albicans which is a mycelium at ambient temperatures. Mutagenesis of C. albicans ATCC 10261 with N-methyl-N-nitro-N-nitrosoguanidine followed by plating on solid media at 28°C yielded colony morphology variants which were characterized by a raised, rough-surfaced colony of irregular outline in marked contrast to the flat, shiny, circular colonies of the parental 10261 strain. One mutant colony, hOG301, was studied in detail. Strain hOG301 was stable and exhibited mycelial morphology over a wide temperature range (5 to 40C) in several media. The hyphae comprising hOG301 mycelium were examined by light microscopy, scanning electron microscopy, and transmission electron microscopy and showed morphological features described in the literature as being typical of both true hyphae and pseudohyphae. In contrast to 10261, hOG301 was not pathogenic after intraperitoneal injection in mice. This is the first report of a mycelial C. albicans that is stable at ambient temperatures.
Candida albicans is the most common fungal pathogen of humans. Most frequently, infections with this opportunistic pathogen (candidoses) occur on body surfaces. However, systemic involvement also occurs and can be fatal (7) . C. albicans exhibits several morphologies, and these have recently been reviewed (7, 11) . In summary, the habitual growth form of the organism is a unicellular yeast which divides by budding. This mode of growth can be reproduced in vitro with a variety of solid and liquid media and at temperatures up to 40°C. C. albicans also commonly exhibits a multicellular mycelial morphology. Several lines of evidence suggest that a change to the mycelial growth mode is associated with pathogenicity (7). C. albicans mycelium may be composed of true hyphal or pseudohyphal elements or both. True hyphae form by extension and ramification of germ tubes from yeast cells and are nonconstricted and septate with simple pores. Germ-tube formation by yeast cells can be induced in vitro with a variety of conditions and media, but almost all reported methods are dependent on elevated temperatures, in the range of 35 to 39°C. Pseudohyphae, observed in vivo and in vitro under a variety of conditions and considered to represent an aberrant form of division by budding, are characterized by chains of elongated cells with constrictions at the sites of budding. Hyphae may extend and branch to form a multicellular mycelium, or alternatively division by lateral and terminal budding may resume (7, 11) . Odds (7) viewed the development of hyphae as a transitional stage in the resumption of multiplication by budding. Under certain conditions, C. albicans produces large thick-walled cells, chlamydospores. Although intensively studied, the genetic and biochemical factors regulating the polymorphism of C. albicans are poorly understood (7, 11) .
The yeast-mycelial transition of C. albicans is of particular interest not only because of the apparent association with pathogenicity of this organism but also as an example of * Corresponding author. morphogenesis in a lower eucaryote. We are unaware of any previous reports of C. albicans existing as a stable mycelium at ambient temperatures (20 to 25°C). Nickerson and Chung (6) described spontaneous mutant strains of C. albicans which were mycelia at 28°C on several solid and liquid media. The morphologies illustrated were predominantly pseudohyphae, based on septal constrictions. However, these strains were unstable and also could be induced to display yeast growth by the addition of cysteine to the media (6, 7) . Stable mycelia at ambient temperature would permit novel investigation of morphogenesis and pathogenicity in C. albicans. In this paper we describe the isolation of a mycelial strain, hOG301, after mutagenesis of C. albicans ATCC 10261 with N-methyl-N-nitro-N-nitrosoguanidine. Strain hOG301 was stable and exhibited mycelial morphology over a wide temperature range (5 to 40°C) in several media, including those containing cysteine.
MATERIALS AND METHODS
Strain, media, and culture conditions. C. albicans ATCC 10261 was used for these studies. Growth media and culture conditions were as described previously (9, 10) .
Isolation of the mycelial mutant hOG301. Yeast cells of strain 10261 were mutagenized with N-methyl-N-nitro-Nnitrosoguanidine as described previously (10 
RESULTS
Visual screening of mutagenized C. albicans plated on YEP agar at 28°C revealed the presence of colony morphology variants. The variant morphology was maintained through multiple propagations and was characterized by a raised, rough-surfaced colony of irregular outline in marked contrast to the flat, shiny, circular colonies of strain 10261. One such mutant colony, hOG301, was randomly selected and examined in detail. Growth of hOG301 in liquid YEP medium was characterized by large cell masses which, on standing, flocculated and settled rapidly (less than 1 min), leaving a clear supernatant. Strain hOG301 exhibited similar morphological characteristics in all solid and liquid media tested, including those with added cysteine, over a temperature range of 5 to 40°C. The mutant was stable and has now been maintained without perceptible change for over 2 years. The strain has been serially subcultured every 2 to 3 months, and no reversion has been detected. Plating hOG301 on 100 YEP plates (approximately 500 colonies per plate) gave no revertants, based on colonial morphology. The spontaneous reversion rate is believed, therefore, to be less than 1 in 105.
Light microscopy of hOG301 indicated that the mutant strain was mycelial. No other morphologies (yeast cells, chlamydospores) were observed. Staining with the optical brightener Tinopal, a cytochemical label for chitin (1), revealed the septate nature of the hOG301 mycelium (data not shown).
SEM of hOG301 colonies obtained from solid media confirmed that the rough irregular visual outline was a reflection of the mycelial morphology (Fig. 1) . The arrangement of the hyphae varied over different regions of the colony (Fig. 1) . For example, hyphae on aerial and substrate surfaces were less regularly arranged than those at the periphery of the colony. In all areas hyphal gross morphology was similar (Fig. 2) . Hyphae averaged 1.5 to 2.0 ,um in width and exhibited constrictions at variable intervals, but usually within the range of every 6 to 12 ,um. The extent of septal constriction varied; in some regions, hyphae appeared almost devoid of constrictions (Fig. 2, large arrow) . Many hyphae were branched, and in all cases branching occurred immediately adjacent to a (septal) constriction (Fig. 2) . No yeast cells were observed by SEM.
The features of hOG301 revealed by TEM of ultrathin sections (Fig. 3) were equivalent to those of other yeasts prepared for ultrastructural investigation in a similar manner (2, 3) . Although the plane of section had a marked effect on cell profiles (Fig. 3) , intercellular septa containing septal pores were often identified (Fig. 3, 4, 5) . Occasionally, the plane of section was appropriate to demonstrate that septal pores provide direct intercellular communication within the hOG301 hypha (Fig. 4) . Septa with pores were observed both in regions of hyphae that lacked gross (intercellular) constrictions (Fig. 3) and in regions that exhibited minor (Fig. 4) or major (Fig. 5) constrictions.
Mice were examined daily for signs of disease over a period of 14 days after intraperitoneal injection of hOG301. No morbidity or mortality was observed. The mice were then sacrificed, and microbial tests (diagnostic smear cultures, histological examination) were performed on peritoneal fluid, kidney, and spleen. No evidence of C. albicans was detected. In contrast, all animals injected with 10261 died within the 14-day period. YEP agar. The spontaneous occurrence of rough colonies has been described previously (7), but the relationship of these variants to the micromorphology of C. albicans was not investigated. The present studies showed that the rough colonies of mutant strain hOG301 reflected a mycelial morphology. Variations in arrangement of hyphae, observed by SEM, appeared responsible for the irregular colony outline and rough surface texture (Fig. 1) . To our knowledge, this is the first description of a C. albicans strain which expresses mycelial morphology at ambient temperatures. The mycelial state was maintained over a wide range of temperatures and in several liquid and solid media. Unlike the strains described by Nickerson and Chung (6), hOG301 morphology was stable in the presence of cysteine, even at millimolar concentrations. The nature of the lesion responsible for the atypical colonial morphology of hOG301 is unknown at present, but it is probable from the imperceptible reversion rate and the origin as a single-step mutation that the character is monogenic.
Strain hOG301 was isolated from C. albicans ATCC was applied to strain hOG1, an adenine-requiring C. albicans auxotroph derived from 10261 and used extensively in this laboratory (9, 10) . Rough colonies comprising mycelia identical to hOG301 were observed only when the auxotrophic requirement was satisfied (data not shown). Furthermore, lysine auxotrophy, a genetic feature of 10261 and its derivatives (9, 10), was readily induced in hOG301 by UV irradiation. Accordingly, it is most unlikely that the mycelial microorganism represents a contaminant.
The gross hyphal morphology of mutant strain hOG301, including the existence and position of branch points, was essentially the same as that of the "typical" C. albicans mycelium illustrated by Odds (7) . Furthermore, hOG301 appeared to be comprised solely of mycelium. No singlet yeast cells or other morphologies were observed by light microscopy and SEM, and supernatants of liquid cultures were visually clear. Hence, under the conditions of this study, hOG301 appeared to not exhibit the described ability of C. albicans true hyphae and pseudohyphae to produce yeast cells by lateral and terminal budding (7, 11) . The diameter of hOG301 hyphae, 1.5 to 2.0 p.m (quantitated by SEM to avoid plane of section problems), was less than the average width of 10261 yeast cells (3.0 pum [4] ) and was similar to published values for C. albicans true hyphae (11) . The cells comprising pseudohyphae are generally considered to be larger, measuring from 2 to 5 p.m in diameter and 26 to 30 p.m in length (11) . However, we have observed relatively small (1-to 3-p.m diameter, 5-to 6-pm length) pseudohyphal forms in liquid cultures of 10261; indeed, similar forms are evident in published micrographs (5, 11) . Constrictions in hOG301 hyphae varied in extent and position. Light microscopy and TEM confirmed that the constrictions were located at the position of septa. Some hyphae lacked obvious constrictions (Fig. 2) , although septa were present within such regions (Fig. 3) . Septal pores were observed in septa that were associated with either no, or minor and major, FIG. 5 . Intercellular septum with a central pore in a strain hOG3Ol hypha which exhibits a major intercellular constriction. Bar, 0.6 p.m constrictions (Fig. 3, 4, 5) . Despite several suggested criteria for making the distinction between true hyphae and pseudohyphae, accurate designation is exceedingly difficult, leading some taxonomists to consider the two entities as one (11) . The recent demonstration of septal pores in budding yeast cells and, by inference, in pseudohyphae (8) further illustrates the similarities of these C. albicans growth forms, but precludes the suggested use of this morphological feature (septal pore) as an unequivocal demonstration of true hyphae (11) . The morphology of hOG301 hyphae described here shares features previously ascribed both to true hyphae and pseudohyphae, and so a designation based solely on morphological grounds is not feasible. Preliminary analysis of actively growing hyphae by light microscopy also suggests that a mixture of growth modes (i.e., elongation and budding) exists. This work is currently being extended in combination with biochemical analyses in an attempt to elucidate this point. Hence, at this time, it would appear that hOG301 mycelium is composed either of a mixture of true hyphal components and pseudohyphal components or instead of a single hyphal type which is capable of producing, by morphological criteria, both true hyphal elements and pseudohyphal elements.
Whereas the parental strain C. albicans ATCC 10261 is pathogenic for mice (present study) (4), the mycelial mutant hOG301 is clearly nonpathogenic under the conditions utilized. Although this finding is interesting, proper assessment of its significance in the context of the role of dimorphism in pathogenesis must await further studies.
Biochemical, genetic, and pathological investigations of hOG301 are currently in progress. It is anticipated that further knowledge of this morphological mutant will significantly increase our understanding of C. albicans polymorphism. Furthermore, such knowledge may also provide clarification of the apparent association between morphology and pathogenicity in C. albicans.
